The social environmental barriers are considered to be important because the "social participation" of people with impairments would be facilitated by the prevention and reduction of environmental barriers. The Craig Hospital Inventory of Environmental Factors (CHIEF) is one of the few scales to assess the environmental barriers. In this study, we developed the Korean version of CHIEF and evaluated its construct validity and utility in a sample of Korean community-dwelling elderly with or without stroke. We evaluated the construct validity of the CHIEF by testing the original five-factor structure using a confirmatory factor analysis in 400 elderly in Seoul, Korea. The utility of the CHIEF was then assessed by examining the relationships between individual characteristics, Barthel Index and perceived environmental barriers, measured by the CHIEF, using a structural equation modeling approach. The confirmatory factor analysis result demonstrated the validity of a second-order factor model of the CHIEF comprising the five factors as firstorder factors. The perceived environmental barrier was a second-order factor when provided acceptable fit indices after two modifications. The structural equation modeling indicates that perceived environmental barriers are significantly related to activities of daily life but not age, gender, and the episode of stroke. The CHIEF is useful in measuring environmental factors for Korean older adults with or without stroke.
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CHIEF; community-dwelling elderly; environment barrier; Korea 2002). The psychometric properties of the CHIEF were examined in their work, but the underlying factor structure was not clarified. The ambiguous factor structure of the CHIEF violates the assumption of construct validity. Construct validity is defined as "whether the measure accurately reflects the construct to be measured" and, is an essential component in psychological measurement instruments (John and Benet-Martínez 2000) . Since the summative score of the CHIEF is expected to be a valuable source in understanding the perceived environmental barriers and limitation in social participation in community-dwelling older adults with physical impairments, the CHIEF should be subjected to a factor analysis in the context of construct validation.
We have developed measurements to assess quality of life and the competence of the Korean elderly and examined their utilities in Korea (Han et al. 2004a, b) . In this study, we developed the Korean version of CHIEF and evaluated its construct validity and utility.
METHODS

Subjects and questionnaires
The study subjects were 300 older adults who had participated in a day-care program and 100 older adults who had attended a social education program at a Senior Welfare Center in Seoul, Korea. The subjects who were diagnosed as having dementia or less than 23 points on the Mini-Mental State Examination (Folstein et al. 1975) were excluded, and whether the subjects had the experience of stroke was determined according to their medical certifications.
The survey was administered by 10 trained postgraduate students and social workers from January 27 to March 31 of 2003. The questionnaire addressed individual characteristics (gender, age, with or without stroke), activities of daily living (ADL), and perceived environmental barriers.
The ADL level was assessed by the Barthel Index (BI) (Mahoney and Barthel 1965) . The scoring of each item was performed as proposed by Wade and Hewer (1987) using ordinal scales ranging from 0-1 and 0-3. The maximum possible score was 20.
Perceived environmental barriers were assessed by the CHIEF (Dijkers et al. 2002) . The CHIEF focused on the severity of perceived barriers experienced within five In 1980, the international classification of impairment, disabilities, and handicaps (ICIDH) was first published by the World Health Organization (WHO) (World Health Organization 1980) , and then the ICIDH was revised and replaced with the international classification of functioning, disability and health (ICF) by WHO (World Health Organization 2001). The previous terms "impairment," "disability" and "handicap" have been changed to "body function and structure," "activity" and "social participation," respectively. A new "environmental" factor which was originally introduced as a consequence of the disease model, underlying the concept of a handicap creation process proposed by Fougeyrollas et al. (1998) has also been added but where now the relationships between these components are considered to be interactive Fougeyrollas et al. (1998) .
As demonstrated by the ICF, the social environmental barriers are considered to be important, because the "social participation" of people with impairments would be facilitated by the prevention and reduction of environmental barriers. However, there are only few scales that measure their social environmental barriers. Most health care professionals and rehabilitation practitioners are only trained to improve and compensate the impairments and activity limitations of people and to treat their diseases and, more likely to focus the treatments on the individual deficits rather than on environmental barriers (Dijkers et al. 2002) . To obtain clearer understanding of environmental barriers in order to assist the rehabilitation services, an assessment of the environment and barriers using objective and subjective evaluation tools is essential. These assessment tools would enable health care professionals and rehabilitation practitioners to determine the effectiveness of the services and interventions they are providing.
Few studies attempted to develop a subjective assessment of the environment of and barriers to people with impairments are available, the Craig Hospital Inventory of Environmental Factors (CHIEF) is one of the few scales and made by the Craig Hospital research team who developed the Craig Handicap Assessment and Reporting Technique (CHART) (Dijkers et al. domains of environmental factors; Policies, Physical and Structural, Work and School, Attitude and Support, Services and Assistance. The scale consisted of 25 items and each score of the items was based on (1) a score on a scale of 0-4 indicating the frequency that the participant encountered the barriers, (2) score on a scale of 0-2 indicating the magnitude of the problem a barrier typically presents, and (3) a frequency by magnitude product score on a scale of 0-8, where a higher score indicates a higher awareness of environmental barriers.
The CHIEF was translated into Korean using Brislin's back translation technique (Brislin 1970) . The first author translated from English to Korean. Another person, who is a Korean-American with familiarity in both English and Korean, translated back into English. After the author modified some discrepancies found in the back translation process, a pilot survey was conducted with a small sample of older adults. Based on the results and discussions among clinical psychologists, clinicians, and social workers, the final Korean version was obtained.
Analytic strategy
Using a confirmatory factor analysis, the factor structure of the CHIEF was evaluated. We hypothesized and tested a second-order factor model comprising Policies, Physical/Structural, Work/School, Attitude/ Support, and Services/Assistance as first-order factors and Perceived environmental barriers as a second-order factor. The model fitness was assessed with the following fit indices: goodness of fit index (GFI), comparative fit index (CFI), and root mean square error of approximation (RMSEA). For adequately fitting models, these fit indices should meet the following criteria: GFI > 0.90, CFI > 0.90, RMSEA < 0.08. Also, significance of factor loadings was assessed with the values of critical ratio (C.R), which refers to the value of non-standardized coefficients divided by standardized error (corresponding to t values). C.R values over 1.96 (p < 0.05) can be judged as statistically significant. In the above analyses, we used the Amos ver. 4.0 program's maximum likelihood estimator for continuous variables (Arbuckle and Wothke 1999) .
When the model provided inadequate fit indices, we examined the modification indices (MI) for each parameter in order to improve the model fit. The MI estimates the reduction in chi-square that would result if a particular fixed parameter were free to be estimated in the model as well as the expected change in the value of the particular parameter, given its inclusion in the model (Arbuckle and Wothke 1999) . When these modifications are plausible and improve the fit of a model that is well-grounded in preexisting theory, researchers often free additional factor loadings or allow for correlated measurement errors in their model.
We also demonstrated the utility of the CHIEF using a structural equation modeling (SEM). In the analysis, we hypothesized and tested a Multiple-Indicator Multiple-Cause (MIMIC) model indicating that age, gender, with or without stroke, and the ADL level would be predictive of perceived environmental barriers. Gender (male = 0, female = 1) and with or without stroke (with stroke = 1, without stroke = 0) were dummy variables. In the same way, we also examined the relationships between age, gender, with or without stroke, the ADL level, and five domains of perceived environmental barriers.
RESULTS
The data from 400 respondents were included in the study and those aged below 65 years at the time of the interview, or a survey with missing response were excluded from the analysis. Table  1 shows the personal characteristics. The subjects consisted of 109 males (27.3%) and 291 females (72.8%). The mean age for all subjects was 71.5 years (S.D. = 5.03, range 65-92). The mean age of the females was significantly higher than that of the males (female: M = 84.4 years, S.D. = 7.05, male: M = 80.9 years, S.D. = 8.03). In addition, The distribution of responses of the CHIEF items is displayed in Table 2 . Almost none of the subjects had ever experienced barriers or, if so, these barriers tended to be considered only slight impediments. Among the CHIEF-25 items, the most severe problem for the older subjects was transportation (15.5%) followed by natural environment (14.3%), personal equipment (13.5%), and surroundings (13.0%).
Factor structure of the CHIEF
The second-order factor model composed of the CHIEF five factors was tested using a confirmatory factor analysis (CFA). The model provided poor fit to the data (chi-square 
Association between personal characteristics, ADL and perceived environmental barriers
In order to demonstrate the utility of the CHIEF, by examining the MIMIC model representing the relationships between personal characteristics, with or without stroke, ADL, and perceived environmental barriers were examined (Fig. 2) . The results showed the model provided good fit to the data (chi-square [df] = 897.17 [364] , GFI = 0.86, CFI = 0.84, RMSEA = 0.06). In the model, the path coefficient of ADL to perceived environmental barriers factor was significant and moderate (r = -0.577), indicating a lower ADL was related to a higher perception of environmental barriers. Gender, age, and with or without stroke were not significantly related to perceived environmental barriers (r = -0.10, -0.06, and -0.02, respectively). We also studied the relationships between individual characteristics (gender and age), stroke, ADL, and the five CHIEF domains using the structural equation modeling (Fig. 3) . The results indicated that gender and age were significantly related to policy (r = -0.19 and r = -0.16, respectively) and physical and structural factors (r = -0.16 and r = -0.15, respectively). The experience of having stroke was a significant predictor of policies (r = -0.26) and services/assistance factors (r = 0.11). As expected, the ADL level predicted all aspects of the perceived barriers. The path coefficients between ADL and policies, physical/structural, work/school, attitude/support, and services/assistance factor were -0.15, -0.38, -0.41, -0.46, and -0.38, respectively. 
Total and domain scores of the CHIEF among the study subjects
We estimated the total and domain scores of the CHIEF among the study subjects (Table 3) 
DISCUSSION
There are four new findings in this study. First, the CHIEF was nicely translated into Korean using Brislin's back translation technique. Second, the construct validity of the CHIEF in Korean older adults with and without stroke was nicely demonstrated. Thirdly, environmental barriers were negatively related to ADL but not age, gender, and the episode of stroke in them. Fourthly, the CHIEF is found to be useful in measuring environmental factors in Korean older adults with and without stroke.
The primary purpose of the study was to investigate the construct validity and utility of the CHIEF using a structural equation modeling approach. Our study sample included older adults with or without stroke. Although the ADL levels of the older adults with stroke were lower than those without, the study subjects had relatively high ADL functioning. These study subjects were appropriately chosen for their high ADL functioning enabling them to participate in social activities but more exposed to experience environmental problems (Dijkers et al. 2002) .
We used a CFA in order to examine the factor structure of the CHIEF. A CFA has several important advantages over an exploratory factor analysis (EFA) among which it enables researchers to test a measurement model in terms of the factor underlying a set of questions. On the basis of the CEA results however, the second-order factor model provided a poor fit to the data. Therefore, we added two covariances among the error terms and the modified model was empirically supported as having an adequate fit to the data. This CFA result provides evidence for the construct validity and uni-dimensionality of the CHIEF and allows researchers to sum the five sub-scores and to create the CHIEF total score.
The relationships between individual characteristics, ADL, and perceived environmental barriers demonstrated the utility of the CHIEF. The effect of ADL on perceived environmental barriers was relatively high, whereas gender, age, and with or without stroke only had a impact. These findings were consistent with previous findings (Dijkers et al. 2002 ) using a sample of community-dwelling individuals with spinal cord injuries in the USA and Turkey. They showed non-significant relationships between gender and age and perceived environmental barriers measured by the CHIEF, and the size of the effects was very small (0.02-0.06). They also demonstrated that ADL measured by the functional independence measure (FIM) was a significant predictor of perceived environmental barriers, but the size of the effects was small (0.07-0.09). The results provided evidence for the external construct validity of the CHIEF.
It should be noted that we found stronger relationships between ADL and perceived environmental barriers than those in their study (Dijkers et al. 2002) . This may be attributed to differences in the statistical approach, because the SEM enables us to correct for attenuation due to measurement error (Bentler 1980; Crowley and Fan 1997; Peek 2000) . However, it is also considerable that the differences in the characteristics of the subjects, such as types of impairment, attributed to the different results.
It is necessary to point out that, when using a construct ADL as a background variable, the variable itself should be confirmed, because it is also measured with an imperfect scale which cannot truly and fully represent the construct (John and Benet-Martínez 2000) . To minimize this problem, construct validation of the BI with the study sample was also performed using a CFA. As reported in several factor analytic studies on the BI, the BI has a one-factor structure in stroke patients (Wade and Hewer 1987) and institutional older residents (Kirino et al. 2003) . Therefore, we also hypothesized with a one-factor model approach. The model on the BI showed acceptable fit indices (Chi-square = 32.473, df = 12, CFI = 0.995, RMSEA = 0.065) when we estimated the parameters with the M-plus' weighted least squares (WLS) estimator for binary and categorical data (Muthén and Muthén 1998) . The result provides evidence for the unidimensionality of the BI and, thereby, allows us to produce a summative score.
Furthermore, the five domains of the CHIEF would have clinically and politically important implications. Rehabilitation practitioners and policy makers would be able to identify a target population using the CHIEF and our SEM results showed that various relations between the subjects' characteristics and perceived environmental barriers existed. The level of ADL was found to be a significant predictor of all aspects of the barriers. Interestingly, gender and age differences in perceived political and physical structural barriers were found. Moreover, the experience of stroke was least partially independent of ADL and significantly related to perceived barriers of policies and services/assistance. These results are different from those of Dijkers et al. (2002) in USA and Turkey samples. The inconsistent results may be due to country-related differences in the social welfare conditions. Further study is required to provide detailed and in depth analyses of the issues. However, this would provide a better understanding of the perceived environmental barriers and the need for culturally appropriate programs.
In summary, we examined the construct validity and utility of the CHIEF using a sample of older adults with or without stroke. In the future, other validities and reliabilities of the CHIEF should be tested. Moreover, further studies are also required to cross-validate the CHIEF among different people with physical impairments in Korea, and between Korean and people of other countries. Such studies will enable policy-makers and researchers to better understand what the environmental barriers for people with physical impairments are and how to reduce them.
